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Xt re~o~~~ends that an e~~~val~~~~ approach be used for fasted vs. fed EEA and fed BE 
comparisons, and that an average equivalence criterion be used to analyze C,,, and AUC 
measurements. It pro oses an equivalence limit of80- 125% for the analysis of C,,;,, and 
AUC data (90% confi ence interval (CX)) in food-e&x% BA studies as evidence of an 
absence of food ef5ects and in fed BE studies to de~~o~st~ate the BE of a test and 
reference product. 

A. ~~te~t~~~ Me~~~~~s~s of Food Effects an BA 

co~~~a~~so~ to fasting conditions, can change the BA of a dmg and can ~~~~e~~e 
etween test and reference products. Food eff?ects on 238 can have ~~~~~~al~y 

s~gni~~a~t ~o~se~~en~es. Food can alter BA by the following: 

3 Delay of gastric emptying 
+ St~~~~ation of bile flow 
e Changes in gast~oi~test~~al (Gf) pH 
e Increase in s~lan~b~~c blood flow 
e Changes in ~~~ina~ ~~tabo~~s~ of a drug substance 
3 Physical or chemical interactions with a dosage form or a drug substance 

Food efI’ects on BA are generatfy greatest when the drug product is 
~~l~ediat~~y after a meaZ is ingested. The nutrient nd caloric contents of the meal, the 
meal volume, and the meal temperature can cause hysiological changes in the G-1 tract in 
a way that af5ects drug product transit time, luminal dissolution, drug permeability, and 
systemic availability @A). Xn genera!, meals that are high in total calories and fat context 

2 



are more likely to aEect the Gf physiology and thereby result in a larger effect OM the BA 
of a drug substance or drug product. In this guidance, a high-calorie and high-fat meal is 
recommended for food-eRect BA and fed BE studies. 

B. Food Effects an Drug Products 

Administration of drug products with food may change t eir BA through eRects on either 
the drug substance or the drug product. In practice, it is di~~~~t to determine the exact 
mechanism by which food changes the BA of a drug product without reforming specific 
mechanistic studies. The Agency believes that for many rapidly dissolving, immediate- 

ease drug products &ontaining highfy soluble and high meable dnrg substances 
CS Class I) i~~~o~ant food ef’Gects on BA are least lik o~ur because absorption of 

drug substances in Class I is usually pH- and site-independent and insensitive to 
diRerenees in dissolution.’ However, food can influence BA when there is a high first- 
pass effect or extensive adsorption, complexation, or instability of the drug substance in 
the GI tract. In some cases, excipients or interactions between excipients and the food- 
induced changes in gut physiology can contribute to these food efTects and in~uen~e the 
demonstration of BE. However, for rapidly dissolving for~u~at~o~s of BCS Class 1 drug 
substances, food can a4Tect the time at which peak exposure occurs (TmaX) by delaying 
gastric emptying and prolonging intestinal transit time. The food effect an ‘I”,,,, is 
expected to be similar for test and reference products. 

For other immediate~release drug roducts (BCS Glass TX, III, arrd IV) and ali ~od~~ed~ 
release drug products, food effect are most likely to result from a more complex 
combination of factors that influence the in vivo dissolution of the drug product and/or the 
absorption of the drug substance. In these cases, t e direction and magnitude of food 
effects on BA and the effects on the de~~onstration of BE are di~~u~t~ if not i~~~ossib~e, to 
predict without conducting a food-ef5ect BA or fed BE study. 

This section of the guidance provides re~om~~endations on when food-efYect BA studies s~~o~ld 
be conducted as part of I[NDs and NDAs, and when fed I3E studies should be conducted as part of 
ANDAs. For postap roval changes in an approved immediate- or modi~ed-release drug product 
that require in viva redocumentation of BE under fasting ~onditions~ fed BE studies are generally 



-effect BA or fed BE studies uf new chemical entitles (N%Es) are usually 
conducted during the IND period to guide dosage farm development, ta select 
specific formulations, to help in the design of clinical e y studies, and to 
develop inf~rmatiQn for the CLINICAL PHARMACQ Y and/or DQSAGE 
AND ~~~I~T~TI~~ sections of product lab&. 
that food-ef7Fect BA and fed BE studies be conducted early in the drug 
deve~~prn~~t process using the f~rm~~ati~~ to be em ed in the clinical trials 
intended to provide primary evidence of efficacy a ty- If a sponsor makes 
changes in components, ~ompusiti~n~ and/o-r meth anufacture in the ~~~~~~a1 
trial formulation prior to approval, BE should be de~~~nstrat~d between the to-be- 
marketed fQr~~ulati~n and the clinical trial formulation. Sponsors may wish to use 
relevant principles described in the guidance for industry on SU~~C-1R: 
~~~~~~e~j~~e Xelease Solid Uraf Dosage Forms: ScG/e- up ~~~ ~~o~s~-~~~r~j~~~~ 
c~~~~es~ c~e~js~ry~ ~~~~~~~~~~~rj~~, and CoHtrols, In vim ~j~S~~~~~f~~<~~ ~~~S~~~~, 
QB~ IPI Vi~c-, ~~~~~~~~v~~~?~~e ~~~~~~~~~~~~~~~ (SUPAC-IR guidance) povember 
I995) to determine if in vivo BE studies are re~~~~rn~nd~d. These BE studies, if 
indicated, should general1 e conducted under fasting cctnditiorrs. When the 
fasting study does not est sh BE, and feud signi~cant~y afXects the drug 
product’s performance in vivo (ISA), it is imp~~ant to determine food efFects on 
the to-be-marketed formulation. 

In addition to a BE study under fasting conditions, a BE study under fed 
c~nd~tiQns is recommended for aff orally administered immediate-release drug 
products, with the following exceptions: 

e When both test product and RLD are rapidly dissolving, have similar 
dissolution profiles, and contain a drug substance with high s~lubility and 
high per~~eability (BCS Cfass I), as defined in the BCS guidance, or 

e When the label of the RLD states that the product should be taken only on 
an empty stomach, or 



Drift - Not for ~~pl~~~~t~ti~~ 

+ e label of the RLD does nut make any statements about the eRect 
n absorption or administration. 

B. ~~di~~d-R~~~~~~ Drug Products 

Food-efFect BA and fed BE studies, respectivefy, are recQmm~nded fur all rn~d~~ed~ 
release dosage farms because the BA of these products is likefy to be altered by co- 
admjn~strati~n with meals, 

1. ~~~s/~~~s 

A study comparing the BA under fasting and fed ~~~d~t~~~s is rec~l~~~~nd~d for all 
orally administered modified-release drug products. 

When changes occur in components, corn osition, and/or method of manufact~~r~ 
between the to~be-marketed formulation and the imary clinical trial materiat, the 
sponsor may wish to use relevant principles desc ed in the guidance for industry 
on ~~~~~~c-~~~ ~~~~~je~~g~e~se Solid urat Dczsage Forms: Sea/e-up i2Hd 
~~us~-~~~r~v~~ Changes: C~e~js~ry~ ~ff~~~ffc~~rj~~g, and C~~~r~~~s: In Vilro 
~j~ss~~~~#j~~ Teshg imd Ii2 Pho ~j~~~~j~~~~~~ce ~~~c~~~~~~~j~~ (hne 1997) 
(SUPAC-m guidance) to determine if documentation af in vivo BE is 
re~~~~rn~~ded. These EIE studies, if indicated, should generally be conducted 
under fasting conditions. However, it is important to reassess food effects on the 
to-be-marketed f~rrnulat~~~ in certain ~~rc~mstan~es when the fasting study does 
not establish BE and the adm~n~stratiun with food signi~~antly influences the drug 
product’s in viva BA. 

2. ANDAS 

Zn addition to a E study under fasting renditions, a BE study under fed 
mmended for all orally adrn~~~st~red rn~di~~d-release drug 

products. 

STUDY ~~~~~~~RAT~~~~ 

A. GeneraI Design 

, balanced, single-dose, two-treatment (fed vs. fasting), two- 
sequence crossover design is recummended for studying the elects of food on the BA af 
either an il~~~ed~ate-release or a mudi~ed-rg~~ase drug product. The f#r~~u~ati~n to be 
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tested should be administered on an empty stomach (fasting condition) in one period and 
immediately following a test meal (fed condition) in the other period. A s~rni~ar two- 
treatment, two-period, two-sequence crossover design is recommended for a fed BE study 
except that the treatments shoufd consist of both test and reference formulations 
administered immediately furrowing a test meal (fed condition). An adequate washout 
period should separate the two treatments in food-effect BA and fed BE studies. A 
sponsor can propose after-native study designs, but the scientific rationafe and j~sti~~at~o~ 
fur these study designs should be provided in the study protocol. Xn studying rnod~~ed~ 
release dosage forms, consideration should be given to the poss~b~~~ty that co- 
administration with food can resuft in dose ~~~~~~g, in which the complete dose may be 
more rapidly released from the dosage form, creating a potential safety risk for the study 
subjects. 

B. Suhj ect Selection 

oth food-elect BA and fed BE studies can be carried out in healthy volunteers drawn 
from the general population. Studies in the patient population are also acceptable if safety 
concerns preclude the enrollment of healthy subjects. A suficient number of subjects 
shauld co te the study to achieve adequate power for a statistical assessment of food 
effects on to claim an absence of feud efl?ec%s, or to claim BE in a fed BE study. 
Typically, a ~~~nirnu~~ of 12 subjects should complete the food-effect BA and fed BE 
studies. 

C. Dosage Strength 

Xn general, the highest strength af a drug product should be tested in all f~ud~e~e~t 
and fed BE studies. In sume eases, clinical safety concerns can prevent the use ofthe 
highest strength and warrant the use of lower strengths of the dosage form. For ANDAs, 
the same lot and strength used in the fasting BE study shoufd be tested in the fed BE 
study. Rx- multiple strengths of l~~di~ed-re~eas~ dosage forms in ANDAs, if a fed BE 
study has been performed on the highest strength, there is no necessity for additional fed 

E studies on other strengths, provided that the release me~ha~sms of the test product 
are iderrtical and excipients are quaIitatively the same for each strength. 

D. Test MenX 

Food-elect BA and fed BE studies shouId be conducted using meal corn 
expected to provide the greatest effects an Gf physiology so that syste 
is maximally afFected. A high-fat (approximately 50% of total caloric content oftbe meal) 
arrd high-calorie (approximately 800 to 1000 calories) meal is r~~~ml~e~ded as a test meal 
for food-effect BA and fed BE studies. A typical test meal is two eggs fried in butter, two 
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strips of bacon, two sfkes of toast with butter, four uunces of hash brown potatoes and 
eight ounces of whole milk. This test meal derives approximately f 50, 250, and ~~~-6~~ 
calories from protein, carbohydrates and fat, respectively. substitutions in this test meal 
can be made as fang as the meal provides a similar amount of calories from otein, 
carbohydrate, and fat and has ~~rn~arabl~ meal volume and viscosity. Deta of-the test 
meal should be provided in the study report. If the meal is s~gni~~antly d~~e~~~t from the 
one described above, the sponsor should provide a scientific rationale for this di~~r~~~~. 
In As, it is recugxlized that a sponsor can choose to conduct food-effect BA studies 
using meals with diRerent c~mbi~at~uns of fat, carbohydrate, and protein for ex~l~rat~~ 
or label purposes. However, one of the meals for the food-effect BA studies should be the 

igh-fat, high-calorie test meal described above. 

Tre&ments: Following an oversight fast of at least 10 hours, subjects shouId be 
tered the drug product with 240 mL (8 fluid ounces) of water, No food should be 

Ifowed for at least 4 hours post-dose. Water can be affowed as desired except for one 
our before and after drug administration. Subjects shomfd receive standardized meals 

scheduled at the same time in each period ofthe study. 

Fed Treatments: Fai wing an overnight fast of at least ham, subjects should be 
iven the recommend meal 36 minutes before dosing. T meal should be ~~~sul~~d 

over 30 minutes with admjn~strati~n of the drug product immediately aRer the meaZ. The 
dnzg product should be administered with 240 mL (8 fluid fungus) of water. No food 
should be allowed for at least 4 hours post-dose. Water can be allowed as desjred except 
for one hour before and after drug administrative. Subjects should receive sta~dard~~~d 
meals scheduled at the same time in each period of the study. 

F. Sample Collectisn 

For both fasted and fed treatment periods, timed samples in bio~ugi~a~ fluid, usually 
plasma, should be colfected from the subjects to permit chara~t~r~~ati~n of the cnmpletc 
shape of the plasma ~~ncentrat~~n-time profile far the parent drug. ft may be advisable to 
measure other moieties in the plasma, such as active metab~lites, and sponsors should 
refer to the guidance on ~~u~~~#~~~~~~~~y Ned ~~~e~~~j~?~~~~~c~ S~~~~~e,~~~~ ~~~~~~ 
~~~?j~?j‘~~e~*e~ Drug l3xd1~cts _ ~e~~e~~~ ~u~~sj~~~~~ju~~s fur recumm~ndat~~ns on these 
issues. ~Qnsideratiu~ should be given to the p~ss~b~~~ty that c~-adm~n~strat~~n of a dosage 
form with fuod can alter the time course of plasma drug ~Qn~~ntrati~ns so that fasting and 
fed studies can have diRerent sample collection times. 
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V. DATA ANALYSIS AND LABELING 

effect BA studies may be exploratory and descriptive, or a sponsor may want to use a food- 
ISA study to make a label claim.” An equivalence approach is recommended for feed-erect 

A (to make a claim of no foe elects) and fed BE studies, analyzing data using an a 
The following expo re measures for assessment of BA and BE shoufd be 

from the resulting C~n~entrat~Qn-t~me curves for the test and reference products in fuod-effect BA 
and fed BE studies: 

Total exposure, or area under the concentration-turns curve (AUCG, AUGo-t) 
Peak exposure (C,,,) 
Time to peak exposure (T,& 
Lag-time (tlag) for muddled-release products, if present 
Ter~~~~al elimination half-life 
Other relevant pharmac~kinetjc parameters 

ual subject measurements, as welt as summary statistics (e.g., group averages, standard 
ISIS, coefficients of variation) shauId be reported. Log-transformation of exposure 

~~eas~rements prior to analysis is recommended, The 90% CI shoutd be provided fur AUCO..~, 
ALK& and C,,, (see t A guidance fur industry on ~~~~~s~~~~~ Af)p~~~ches do ~~~~~~~~~~~~~~ 
~j~~ei~~j~~~~e~ce). Fur or NDA food-efI?ect BA studies, the fast reatm~nt serves as the 
reference. For ANDA fed BE studies, the RLD administered under condition serves as the 
reference tr~at~~ent. 

e effect of food on the absorption and BA of a drug product should be described in the 
~~1~~~~ OLUGY section uf the labeling. In. addition, the DOSAGE AND 

ction of the labeling should provide ~nst~cti~ns for drug ad~~inistrati~n in 
rg~at~u~ ta food based on clinical relevance (i.e., whether or nut the changes in systemic exposure 
caused by ~~-administration with foad resufts in safety or efficacy concerns, or when there is no 
important change in systemic exposure but there is a ~ussibility that the drug substance causes Gt 
irritation when taken without food). 

For an A, a food effect c>n BA is indicated if the 90% CI for the ratio of p~p~llat~~n g~~~~~tric 
~~leans between fed and fasted treatments~ based on big-transformed data, is nat contained In the 
~~uiva~~nG~ limits of 80%~125% for either AUCo-- (AUCQJ or C,,,. When the 9076 C‘f. fails to 
meet the rimits of SO-125%, or when a food-ef5ect BA study indicates a large food effect (defined 
as > 2076 higher or lower peak or systemic exposure compared to fasting ~~ndit~~ns), the sponsor 
should provide specific recQmmendati~ns on the clinical significance of the food efYect based on 

3 Regulations on labeling ~~~~~~~~e~~s fur a drag product submitted in an NIlA can bc h.md in 2 -I CIX part 
2Ol. 
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No food effect an A is indicated when t e 90% CI fur the ratio of population geometric means 
etween fed and ed treatments, based n l~g~transf~rmed data, is contained in the ~~uiva~enc~ 

Iimits of W%- 125% for AUCo*- (AUCo-$ and C,,,. In this case, a sponsor may make a specific 
n the CLINICAL PHA ACOLOGY or DOSAGE AND A~M~I~T~ATIUN section of 
el that ns food eRect on BA is expected provided that the T,,, values are also similar 

etwg~n the fasted and fed treatments. The following is an example of language fur the package 

For an ANDA, of a test product to the RLD roduct under fed con tio,ns is c~~cl~d~d when 
the 90% CI for ratio of population geometric eans between the te and RLD product, based 
cm big-transformed data, is contained in the limits of 80-X25% for AUC and C,,,. Although 
W criterion applies to T,,,,, the T,,, values the test and reference products are expected to be 

arable based on clitlical relevance. The conclusion of bi~e~uiva~e~ce under fed c~~dit~~~s 
i~~d~~ates that with regard to food, the language in the package insert of the test product can be 
the same as the reference product. 
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In IVDAs, certain drug products (e.g., ~~~tr~~~~durel~ase capsules ~~nta~~~g beads) cafg be 
r~~~mmend~d to be sprinkled on so& foods, such as applesaucq and swallowed without 
chewing. If the labeling indicates that the drug product may be sprinkled on soft food, an 
add~t~~na~ in vivo study should be performed by sprinkling the product on the saR food 
listed in the labefing and administering on an empty stomach (test treatment). For 
d~te~ining the relative BA of the test treatment, the reference treatment shQu~d be the 

roduct administered as an intact dosage form under fasting conditions. 

Xn A.NDAs, to demanstratte BE of the test to the IUD, both treatments sholrfd be 
sprinkled on one of the soR foods mentioned in the labeling. If there are questions about 
other foods, vehicles, design, or analysis of such BA and BE studies, the spc3nsors and/or 
ap~~~ca~ts should contact the appropriate review division. 

For MIAs, the labeling for certain oral solution products (e.g., ~yc~~s~~r~~e oral s~~ut~~~, 
rn~di~~d) rer=ammends that the solution be mixed with a beverage prior to admj~istrati~n. 

ese products can change when mixed with different beverages due to the 
fQrrnat~~~ of complex mixtures (e.g., an emulsion) and other physical-chemjca~ and/or 
~hys~~lQg~~a1 factors. For XNDs or NDAs, in viva data supp~~rting the use of each 
beverage recommended in the labeling should be provided unless the sponsor provides a 
se;ientifific just~~Gat~~n for waiving such studies. If there are questions on conducting 
studies in difiFerent beverages, NDA sponsors should contact the UfT~ce of Clinical 
Pharmacology and ~io~harma~eut~cs. 

For A.N’DAs, if a substantial dif%rence in BA has been reported when the reference 
product is mixed with dif&rent beverages, and this digerence is documented irr the 
product labelings sponsors may want tu demonstrate BE of their product ta the RLD using 
these various beverages. If there are questions on conducting studies in difYerent 
beverages, ANDA sponsors should contact the Division of ~~~e~u~valen~~ in the Qf&e of 
Generic; Drugs. 


